SUPPLEMENTARY METHODS

Biophysical modeling
The biophysical model characterizing the dynamics of subcellular CSK tension and FA upon cell stretch was comprised of three key mechanisms: (1) integrin catch-slip bond 1 , which was shown in this work as required for FA rheostasis (Fig. 2l) ; (2) F-actin catch-slip bond 2 , to recapitulate catch-slip-like behaviors in the FA-CSK mechanical network; and (3) myosin motor activity 3 , which drives muscle-like spontaneous contraction in response to external forces and was shown as required for FA rheostasis (Fig. 2h) .
Integrin catch-slip bond
Force dependent association and dissociation of FA molecules were analyzed using a model described previously ('Novikova-Storm model' 4 ) featuring a catch-slip bond between integrin 
, where f denoted the force acting on a single integrin molecule, 
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, where ACT γ was a dimensionless rate constant, , ACT o k was a reference rate, f denoted force acting on F-actin, * ACT f was a reference force for normalization, and
Given force balance and force transmission across the mechanical linkage between the actin CSK and FA, the total force acting on actin stress fibers was also denoted as tot F . Actin stress fibers were modeled as bundled F-actin filaments with each filament comprising actin monomers connected in series. Assuming a uniform force distribution in stress fibers and that each F-actin filament in stress fibers was connected to one integrin molecule in FA, the force acting on each actin monomer along a F-actin filament was obtained as tot FA F N . The ordinary differential equation governing dynamic evolution of the total number of actin monomers ACT N in actin stress fibers was thus written as
Of note, the integrin catch-slip bond and the F-actin catch-slip bond used in the current theoretical framework could be readily generalized to incorporate other molecular machineries residing in FA and the actin CSK that exhibit catch-slip bond behaviors. For example, Equ. (4) could also be applied directly to describe force-dependent catch-slip-like behaviors of vinculin 6-7 , another FA protein. In addition, Equ. (7) could be used directly to describe force-dependent, catch-slip-like recruitment of actin-binding scaffold proteins, such as filamin and α-actinin [8] [9] , onto F-actin filaments, which could further modulate mechanical properties of actin stress fibers as in Equ. (8) below.
Muscle-like spontaneous contraction upon external force stimulation
Cell stretch-induced changes of CSK tension on stress fibers could be simulated using a contractile element (CE)-spring model [10] [11] (Supplementary Fig. 11 v was the equivlant sliding velocity of myosin. Together, the governing equation for spontaneous muscle-like contraction of actin stress fiber when t > 0 was expressed as ( )
Equations (4), (7), and (8) 
and ( )
, where Fig. 16b-e Similarly, a stable steady-state solution for Equ. (7) was obtained as ( )
, where 
Determination of model parameters for untreated cells
Equations (10) and (11) 
Theoretical validation of the indispensability of catch-slip bonds and myosin motor activity
To examine whether integrin catch-slip bond would be indispensable for theoretical recapitulation of subcellular rheostasis of CSK tension and FA, Equ. (4) was modified to remove the catch-bond portion of the integrin catch-slip bond as
Equations (7), (8), and (12) 
was unstable for majority of its solution space (Supplementary Fig. 18a ). Specifically, the steady-state solution curve descrbied by Eq. (13) were unstable: they would either be completely dissolved or grow to its maximum size when perturbed to fall into region iii or region i, respectively. Such hypersensitivity of the FA-CSK tension system without catch bonds was also revealed in simulations of dynamic responses of CSK tension and FAs upon cell stretch. Majority of FAs disassembled instantaneously upon cell stretch, while those survived in the initial phase grew to its maximum regardless of CSK tension force, contradictory to experimental observations of subcellular rheostasis of CSK tension and FA ( Supplementary Fig. 18b,c) .
The necessity of myosin motor activity for subcellular rheostasis of CSK tension and FA was investigated by removing it from Equ. (8) , resulting in a modified Equ. (8) Fig. 18d-f ).
Theoretical modeling was computed using MatLab with a custom-written code, which is available upon request. were plotted for FA subsets grouped based on ground-state values of CSK tension F 0 at t = 0 min.
Average result from each subset was plotted using the rainbow spectrum (from purple to red).
Whole-cell average responses were included for referencing single-cell homeostasis (black).
Data represents the mean ± s.e.m with n = 10 cells. P-values were calculated using student's paired sample t-test comparing data before (t = 0 min) and after (t = 1 or 30 min) stretch. N.S.,
statistically not significant and P > 0.05. *, P < 0.05. experimental results from Refs. [1] and [2] , and navy curves were best-fitting curves generated from the two-pathway models. 
